In the wake of climate warming, the water level of Lake Qinghai has been continuously and rapidly declining during the past decades, causing the regional government and citizens to worry about its future as a water resource. To understand the lake evolution process, the hydro-chemical characteristics of Lake Qinghai were investigated in August of 2008. The results show that Na + and Cl − are the dominant cations and anions in the lake water, respectively, and hydrochemistry type is Cl − -Na + with an obvious characteristic of a saline lake. The Gibbs plot illuminates that evaporation/crystallization is responsible for the chemical composition of the lake water. The variation in hydro-chemical regime might be attributed to the reduced lake levels between 1960s and 2000s. The lake level significantly correlated with the precipitation and evaporation in the Lake Qinghai catchment. In addition, changes of the lake level in the future are simulated according to climate warming scenarios from the IPCC report. The simulated results suggest that the lake level could rise again in the following decades due to the increased precipitation under the climate warming conditions, which is already a trend in the lake level observation data.
Introduction
Most lakes on the Tibetan plateau are endorheic, which means that lake level changes directly reflect the variation of water balance in the catchment and the water cycling process could be recorded by the water chemistry of the lake. Obviously, researches of hydro-chemistry of the lake can be significant, as it reflects the environmental conditions of salt material accumulation or dilution in the lake and the catchment environment around the lake. Therefore, the chemical composition of the lake water provides reliable evidences for modern sedimentary processes in the lake. Many investigations have been performed to study the lake hydrochemistry in the lake e.g. [1] - [8] . Most previous work has clearly focused on the spatial distribution of the water chemistry, the geochemical whereas systematic clarification of hydro-chemical characteristics from temporal and spatial scales is reported less frequently.
As the largest inland saline lake in China, Lake Qinghai is very sensitive to climatic fluctuations and has become a hot topic of research worldwide [9] - [14] . Influenced by climate warming, the water level has fallen dramatically and reduced in area since the beginning of the twentieth century [15] [16] [17] , which has led to a series of ecological/environmental problems such as increasing salinity, deterioration of water quality, loss of grazing grassland around the lake, and desertification in the beach area (Photo 1). Therefore, research on the hydrochemistry of Lake Qinghai is important not only for the elucidation of modern environmental change, but also a significant reference to clarify the formation and evolution of saline lakes on Qinghai-Tibetan Plateau. Many works have been done in the surface and groundwater in the Lake Qinghai catchment, which are useful for the evolution of lake water chemistry [18] [19] . Based on our field investigation and the data from the literature, this paper systematically illustrates the major chemical composition in Lake Qinghai and its controlling mechanisms, mainly Photo 1. (a) A satellite image of Lake Qinghai, which shows lake shrinkage status in 2005 and some separation of small lakes from the mother lake (northeast part); (b) Large sand dunes have been formed on the northeast bank area by northwest wind blowing sand sediments from a dried lake bed.
focusing on temporal and spatial variations of hydrochemistry, and predicts which could provide fundamental data for the study of lake sedimentary processes.
Study Area
Lake Qinghai is situated in the northeastern edge of the Qinghai-Tibetan Plateau, between 36˚32'N -37˚15'N and 99˚36'E -100˚47'E ( Figure 1 ). Its catchment area is approximately 29,660 km 2 and the majority is located in the Qilian Mountains in the north and west sides. The lake is 106 km long from east to west and 62 km wide from north to south, with a surface area of 4260 km 2 , and a water surface elevation of 3193 m a.s.l [20] . The average water depth is 19.15 m with a maximum depth of 28.7 m (Measured in August, 2008). Water supply of the lake is mainly dependent the surface runoff and precipitation recharge in the catchment. More than 50 streams flow into the lake, but most are intermittent. Buha River is a longest and largest of the streams, with a discharge volume equal to almost half of the total runoff in the catchment.
Climate in the catchment is cold and semi-arid, influenced by three air masses: East Asian monsoon, Indian monsoon and westerly atmospheric flow [21] . The average annual temperature ranges from −1.3 to 0.5˚C and the mean annual precipitation varies from 250 to 360 mm, with a coefficient of variance (C V ) of 0.15 -0.30 and more than 85% of the rainfall between May and September, while the average annual evaporation is up to 800 -1100 mm with a coefficient of variance (C V ) of 0.10 -0.15 and more than 65% occurring between June and September [11] . The vegetation is dominated by grasses, montane shrub and alpine meadow in the catchment. There are virtually no forests in the basin, only a limited area of desert, and some irrigated farmland to the north and northeast of the lake. The pH value of the water ranges from 8.9 to 9.5, and the average salinity is approximately 15.6 g/L with a water type of Chloride salts sodium group II [20] .
Sampling and Analysis
Lake hydrochemistry investigation was performed in the summer of 2008. Twenty-four water samples were collected at 24 different sites that covered the whole lake area ( Figure   1 , sample numbered Num-01 -Num-24, respectively), including 15 water column samples (at 2 m depth intervals) numbered Num-01, Num-02, Num-03, Num-04, Num-05, Num-08, Num-09, Num-10, Num-14, Num-18, Num-19, Num-20, Num-21, Num-22
and Num-23, and nine surface water samples at the different parts of the lake.
The concentration of bicarbonate was measured using hydrochloric acid titration in the field. All water samples were filtered through 0.45 µm membrane filters, and then collected and sealed in acid-washed 100 ml polyethylene plastic bottles. Samples designated for cation analysis were acidified (pH < 2) with a few drops of 1 M hydrochloric acid, and then sealed in a dark environment. Samples used for anions analysis was also stored in the dark. [22] , the hydrochemistry type of Lake Qinghai is Cl − -Na + , which is a common characteristic of salt lakes.
Concentrations of 2 4 SO − and K + in Lake Qinghai are both quite similar to those in ocean water (Figure 3(a) ), whereas other ion concentrations, particular Ca 2+ are less than those of ocean water. Furthermore, there are some differences in characteristic coefficients between the lake water and ocean water ( Figure 3(b) ). The value of Mg 2+ /Ca 2+ and the coefficient of alkalinity are both significantly higher in Qinghai Lake than in ocean water, probably implying that abundant calcite and aragonite deposits present in Lake Qinghai and that CaCO 3 displays a relative saturation.
Mechanisms Controlling the Lake Hydrochemistry
To In Figure 5 , Table 2 .
Major ion concentrations and salinity have no obvious spatial variation in the surface water, with a standard deviation (STDEV) of 0.43 -351.7 mg/L, which may be related to the supply of water systems in the vicinity of Lake Qinghai throughout the year and lake currents generated from frequent wind actions.
Vertical Variation in Chemical Composition of the Lake
The variation of chemical composition in vertical water profiles is likely influenced by the lake basin morphology, water depth and hydrodynamic characteristics. 
Temporal Variation of Hydrochemistry

Variation and Impact Factors of Hydrochemistry from 1960 to 2008
The increased salinity was accompanied by an overall downward trend in water level of Figure 6 . Fluctuation trends of salinity with water depth of 15 profiles in Lake Qinghai: (a) the salinity of the surface water layer is relatively high, (b) the salinity of bottom water layer is comparatively high, and (c) the salinity has no obvious trend in vertical direction. However, the lake has increased in the most recent eight years, and has continuously risen nearly 50 cm from 2005 to 2008, with a reduction in salinity. However, major ion contents of the lake water have not changed obviously due to its large lake hysteresis effect, which means that changes to chemical composition occur slower to some extent than lake level change. However, the variation of lake level had little association with fluctuation of temperature, which would also exert some influence on the evaporation.
As seen in Table 4 the precipitation in the catchment [29] . The amount of evaporation exceeded the total amount of precipitation and runoff, which resulted in the warming and drying of the climate [30] . In the last 10 years, the lake level has been gradually rising again from an increase in precipitation, implying that the climate is shifting from warm-dry to warmwet.
Change Trends in Hydrochemistry of Lake Qinghai in the Future
To understand lake hydrological processes in the future under climate warming conditions, a combined model was created to simulate the lake level changes in the future [31] . The model is composed of the lake level change model (LLCM) and a statistical downscaling model (SDM). The former is a combination of the SWAT Model [32] , which is designed to simulate hydrological processes in the catchment and the water balance model (WBM). The latter is derived from the output of SRES A2 scheme from the MPI-OM1 GCM model [33] and in a Grid of ECHAM 5.0 [34] near the Lake Qinghai catchment as the large scale climate information. Climate scenarios for the future 50 (Figure 10) . Accordingly, the increasing trend of the lake level would result in the reduction of major ion concentrations and salinity in the coming decades, which is associated with an increase in precipitation and leads to the enhancement of runoff, the expansion of the lake surface area and the desalination of the lake water. In view of this case, a better ecological environment and richer biodiversity could be expected in Lake Qinghai catchment after years with continuous climate warming predicted by the IPCC. In fact, the lake level has risen gradually since 2005
with precipitation in the catchment increasing annually, as observed by in situ monitoring; these observations provide credibility to the simulations.
Conclusion
We investigated the hydrochemistry of Lake Qinghai including chemistry and spatial distribution characteristics as well as its evolution. Na + and Cl − were the dominant cations and anions in the lake water, and hydrochemistry type was Cl − -Na + with an obvious characteristic of a saline lake. For this study, the Gibbs plot illuminated that the dominant mechanisms responsible for controlling chemical composition of the lake water were evaporation/crystallization. The increase of salinity was accompanied by an overall downward trend in water level of Lake Qinghai from the 1960s to 2000s. This might be attributed to the balance of precipitation and evaporation in the catchment.
Based on the simulated model, the lake level will rise gradually in the coming decades with precipitation increasing under climate warming scenarios (Liu et al., 2007) . This could be benefit to the ecological environment and biodiversity in the catchment.
